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> I Motivation & Previous PVPMCBIlind Modeling Studies

- Blind comparisons allow modelers to compare their

models/software and skills to others from a wide variety of

disciplines without causing any bias from using known
datasets

«  This PVPMC comparison:

Has a larger system size than considered in the previous
comparison

Includes data at hourly and sub-hourly intervals

Software providers were invited separately to observe
variations between them in greater detail

7 unique companies participated including a 1-on-1 survey
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Abstract
The ic (PV) e Modeling C ive (PVPMC) organized a
blind PV performance modeling intercomparison to allow PV modelers to blindly test

their models and modeling ability against real system data. Measured weather and

Efficiency and Rer ewa;l’gE ergy (EERE) irradiance data were provided along with detailed descriptions of PV systems from
Grant/Award Number: 36267 two locations (Albuguerque, New Mexico, USA, and Roskilde, Denmark). Participants
asked to simulate the f- i module and DC

power output from six yst ms and s bmtth sults to Sandia for processing. The

results showed overall median mean bias (i.e., the average error per participant) of
0.6% in annual irradiation and —3.3% in annual energy yield. While most PV perfor-
mance modeling results seem to exhibit higher precision and accuracy as compared
to an earlier blind PV modeling study in 2010, human errors, modeling skills, and
derates were found to still cause significant errors in the estimates.
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3 ‘ System 1: Germany

14.5 MW plant with fixed-tilt
monofacial modules with half-cut cells

Weather

station

y a
Inverter ascription

Special thanks to
Juergen Sutterlueti
and Gantner
Instruments for data

provision

Gantner

instruments

Modeled module temperature,
inverter and site power at DC &

i
Sub-hourly &
Hourly
Site layout & Weather
AC levels




4 ‘ System 2: Albuquerque

Files Available:
« Sub-hourly & hourly weather
« System configuration & description
« Module & inverter spec sheets
« IAM+NMOT report, IEC 61853-1 matrix,
& PAN file from CFV Labs
Software companies modeled:
« POA
« Module temperature
« DC system power

15.4 kW fixed-tilt system in Albuquerque




Solar Elevation
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Median AC site residuals within £250 kW
- SolarFarmer and PVsyst software consider shading in greater detail I
« SAM, PlantPredict, RatedPower, 3E do not seem to account for half-cut cell modules [to be verified]

Sub-hourly Germany, 14.5 MW
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Perez Transposition Model
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Solargis
pwib-python

POA Residuals (W/m?)

Sub-hourly Alouquerque, 15.4 kW

Possible incorrect array
orientation, or an issue with
the sun position algorithm

N

Although same Perez
allsitescomposite1990 model, median
residuals varied from

-14.65 W/m?2 to 6.06 W/m?; ~ 2.3% delta
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Temperature Modeling

Replicating User's modeled temperature with
measured POA showed minimal differences

Delta of residuals varied from - 0.11°C to
1.16°C

Majority of error in Tmod modeling is not
from their POA modeling; Tcell customization?

Solargis differs since their Tmod was not able
to be replicated exactly due to additional wind
considerations

Sub-hourly Alouquerque, 15.4 kW

Residuals (°C)
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Temperature Modeling

« Scatter in measured but notin
modeled because transience is
only considered by SAM

« Uc, Uv assumptions in PVsyst
Tcell models heavily influenced
results: larger Uv = larger spread
due to wind speed

Sub-hourly Albuquerque, 15.4 kW
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9 1 ACAnnual Energy Yield

AC Inverter AC Site

Il |nverter AC Yield NBE (%) Emm Site AC Yield NBE (%)
a4 Inverter AC NRMSE (%) I Site AC NRMSE (%) ]

Error (%)
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_14Yield NBE Median = 0.84% I 1 i ian = 0 I

All software were within £4% for AC inverter & site level annual energy yield NBE
AC power NRMSE within 5% and MBE within +2.8%

Sub-hourly Germany, 14.5 MW |



10§ Reproducibility: Software Providers vs Their Participants

B Software Provider [ Participants}

« Comparing estimates from PVPMC's open
comparison against software providers
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» Delta of AC Site NBE varied from 0.07% to -1.35%

I
|
o
|

- There is relatively good agreement between users
and software providers

AC Site NBE (%)
o
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T T
PlantPredict SAM PVsyst
Software Used

Sub-hourly Germany, 14.5 MW




Table

o

1n I Software Provider Comparison
Software SolarFarmer PlantPredict SAM PVsyst RatedPower 3E Solargis
API/SDK API API SDK No No No No
] . . N
System Mounting Fixed & SAT Fixed & SAT Fixed, SAT, & DAT Fixed, SAT*, & DAT Fixed & SAT Fixed, SAT, & DAT Fixed & SAT
Types Terrain Following Terrain Following*
Module Temp. Model PVsyst PVsyst NOT?:nosrf;eat PVsyst PVsyst SAPM Cell NOCT
ConS|dgrs Temp. No No Yes No No No No
Transience?
PVsyst scenes,
3D/Shade Scenes PVC PVC or PV Suneye, Solar PVC, H2P, DAE None None KML
Accepted }
Pathfinder
Soiling Loss Default 0% - Fixed 2% - Fixed 5% - Fixed 0% - Fixed 2% - Fixed 1% - Fixed Varies by Month

« 50+ questions compiled into table about weather & irradiance calculations, AC & DC system

calculations, default derate values, etc.



- Software tools compare well against each other with annual AC yield within £4%; more
detailed site information would probably lower this even further

« Good reproducibility: PlantPredict, SAM, and PVsyst users are in relatively good agreement
with the software providers

- These outcomes hold true for relatively flat terrains with monofacial fixed tilt systems

- We still have work to do validating irradiance and shading models, uneven terrains, bifacial
tracked systems....

I
12 1 Conclusions m
I



13 ‘ Try our PVPMCdatasets

Well-documented PVPMC validation datasets can be downloaded at:

https://pvpmc.sandia.gov

https://datahub.duramat.org/project/about/pvpmc

2021 blind PVPMC datasets:

https://doi.org/10.21948/1970772

<~ O @ () httpsy/pvpmesandia.gov

Sandia esearch I SR
@ Mo PV Performance Modeling Collaborative (PVPMC)

Modeling Guide ¥ Datasets ¥ Model Validation ~ Tools ~ Workshops & Publications ~ About ¥

Datasets

20218Blind PV Performance
Modeling Comparison Datasets

Weather and Module Characterization Data from
Roskilde, Denmark and Albuquerque, NM

This dataset includes all files that were provided to
participants of the 2021 PVPMC Blind PV
Performance Modeling Comparison. The results of
this exercise are published in Progress in

Solar Variability Data

High frequency (1-sec) irradiance data from
different regions around the USA

This data is described in: Matthew Lave, Robert )
Broderick, Matthew ]. Reno, Solar variability zones:
Satellite-derived zones that represent high-
frequency ground variability, Sofar Energy, Volume
151, 15]uly 2017, Pages 119-128, ISSN 0038-092X.

https://datahub.duramat.org/en/dataset/pv-performance-

modeling-data

Photovoltaics https://doi.org/10.1002/pip.3729 Data samples are available for download.

Click here!

#  Projects = PVPMC

= Project

Datasets

& Project Tree

* PVField Data
|- Albedo Data for Bifacial PV
Systems
|- BEST Field Degradation
Research
Degradation Study 1
- Enphase Micro-Inverter
Example and Evaluation Data
NREL Bifacial Experimental
Single-Axis Tracking (BEST)
field
|- NREL Soiling Map
|- PV Lifetime
PV Pro
|- PVCAMPER
PVCAMPER-CREST-LU
PVCAMPER-
Fotovoltaica-UFSC
PVCAMPER:Sandia PV
Systems Evaluation
Laboratory
PVCamper-SERIS
|- PvPMC
L Spectral Irradiance Data
and Resources
L Regional Test Centers

PVPMC

Project ID 41243f92-b9d5-4602-beb5-412382844cc

PV Performance Modeling Collaborative (PVPMC) - Validation
datasets

DuraMAT 2.0 Project

Central Data Resource

Recipient Sandia National Laboratories (Pl Theristis, Marios)
Subs N/A

Status Awarded, In Progress

Abstract This Core Capability project supports a variety of improvements to PV performance models, creation of an energy rating
approach and datasets for the US, development of a model validation framework, and support for the open-source modeling
package, pvliopython. The project wil also continue to support the activities and resources of the PV Performance Modeling
Collaborative and activity leadership in the IEA PVPS Task 13 working group.

Supporting project for Spectral Irradiance Data and Resources
DOIs;
PV Performance Modeling DOL:10.21948/1970772

iDuraMAT

Durable Module Materials Consortium



https://pvpmc.sandia.gov/
https://datahub.duramat.org/project/about/pvpmc
https://doi.org/10.21948/1970772
https://datahub.duramat.org/en/dataset/pv-performance-modeling-data
https://datahub.duramat.org/en/dataset/pv-performance-modeling-data

Performance On behalf ofthe PVPMCteam,
(Y MODELING COLLABORATIVE

S : thank you!
Please join the PVPMC at https://pvpmc.sandia.gov/ : Y
Contribute, and help increase confidence in PV system Marios Theristis
performance mtheris@sandia.gov
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